Suggested running head: MBi 6 V 2 O 15 -Family type (M=Pb, Sr, Ca, Cd, Na 0.5 Bi 0.5 ) Abstract: A family of compounds was prepared as powder samples with nominal formulas MBi 6 V 2 O 15 (M=Pb, Sr, Ca, Cd, Na 0.5 Bi 0.5 ), as well as single crystals with closely related compositions. Single crystal structure determinations were realized using X-ray diffraction.
Introduction
The δ-Bi 2 O 3 variety, which crystallizes in a fluorite-type structure, is known to date to be the best oxide anion conducting material at high temperature; for a review, see [1] . This interesting conductivity property [2] has been attributed to the defective and disordered characters of the oxide sub-lattice, associated to the high polarizability of Bi 3+ cations [3] .
With the aim of obtaining structurally related phases, keeping the interestingly high conducting properties, or reaching even better ones at temperatures as low as possible, numerous investigations of bismuth rich domains in binary systems [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , ternary systems [15] or quaternary ones [16] were carried out. Many δ-related phases could be stabilized at room temperature. Their conductivity performances are unfortunately poorer than that of the high temperature δ-Bi 2 O 3 variety, due to the ordering of the oxygen network. The oxide mobility appears to be linked to the polarizability of cationic sub-network; the higher the bismuth content, the higher is the materials conductivity.
The ternary systems PbO-Bi 2 O 3 -P 2 O 5 /As 2 O 5 /V 2 O 5 are among the most investigated systems; the existence of PbBi 6 X 2 O 15 (X=V, P, As) was established by Jie [17] . For PbBi 6 V 2 O 15 , he identified an orthorhombic cell with a=11.970Å, b=11.023Å, c=17.324Å. Lee [18] , proposed another unit cell from indexing the powder X-ray data, i.e.: a= 23.983(18) Å, b=17.172 (13) Å, c=11.092 (11) Å. Hitherto, to our knowledge, the structure has not been solved. The various authors agree that this compound derives structurally from the fluorite-type cubic form of δ-Bi 2 O 3 . Complete P or As for V substitutions in PbBi 6 V 2 O 15 produce solid solutions: PbBi 6 V 2-x P x O 15 and PbBi 6 V 2-x As x O 15 [18, 19] . On the other hand, two domains of limited solid solutions PbBi 6 P 2-x As x O 15 are obtained with a two-phase area for x compositions ranging between 0.30 and 1.55; another solid solution Pb 1-x [18] .
New investigations, reported in this paper, were realized with the aim of basically determining the crystal structures of several members of this family, then correlating the structures to the fluorite-type δ-Bi 2 O 3 , as well as the structural modifications to the evolution of the conductivity performances.
Experimental.

Syntheses.
Powder samples of MBi 6 V 2 O 15 (M=Pb, Sr, Ca, Cd, Na 0.5 Bi 0.5 ) were prepared by solid state reaction of stoechiometric amounts of the starting reagents: Bi 2 O 3 (Aldrich, 99.9%) and V 2 O 5 (Aldrich, 99.6%), while introduction of the appropriate "divalent cation" was realized using PbO (Riedel de Haën, 99%), CdO, strontium or calcium carbonate, and a mixture of Na 2 CO 3 and Bi 2 O 3 in Na/Bi equimolar proportions. Reagents were weighed, mixed in an agate mortar and then fired at temperatures between 600°C and 800°C for a week, with intermediate regrindings in order to obtain the desired phase.
Single crystals were obtained from powder sample melting at 1000°C, followed by slow cooling at 1°C/h until 840°C, and then furnace disconnection. The selection of good quality crystals was based upon the sharpness of the observed diffraction spots.
Characterizations
Polycrystalline samples were investigated using various techniques. X-ray powder diffraction data were collected at room temperature using a D8 Advance Bruker. The pattern reflections were indexed from the crystalline cell identified on single crystals. The high temperature X-ray diffraction diagrams were explored using a Guinier-Lenné diffraction system with CuKα1 radiation to investigate whether any phase transitions exist; these observations were corroborated by thermal studies (differential thermal analysis DTA) performed on a Linseis L62 instrument. For investigation of electrical properties, sintered pellets (diameter and thickness around 5 mm) were elaborated from materials sintering at 850°C for 48h. The relative density of the sintered samples was nearly 85%. Gold electrodes were then sputtered on both flat faces of the pellets and measurements were done by impedance spectrometry in the range 1-10 6 Hz using a Schlumberger 1170 frequency response analyzer. Each set of values was recorded after 1 h stabilization stage.
None of the thermal studies indicated a phase transformation between the sintering temperature and the ambient one. A structural characterization on single crystal using the Bruker X8 CCD 4K diffractometer was realized for each composition at room temperature.
Structural Investigation
Single crystals were obtained from the melts of various nominal compositions MBi 6 V 2 O 15 (M=Pb, Sr, Cd, Ca, Na 0.5 Bi 0.5 ), generally in the form of rectangular plates; in each case, a crystal was selected for the collection of the diffracted intensities. The SAINT 7.12 Software [20] was used to extract reflection intensities from the collected frames and the SADABS 2006/1 program [21] was used to correct data from absorption effects using a semiempirical method based on redundancy. The crystal structures were solved by direct methods using the software SIR97 [22] which readily established the heavy atoms positions (Pb, Bi, V). Oxygen atoms were localized from difference Fourier maps. The last cycles of refinement included atomic positions, anisotropic displacement parameters for all non-oxygen atoms, and isotropic displacement parameters for oxygen atoms. Full-matrix least squares structure refinements against F were carried out using JANA2000 [23] . In the structural refinement procedure, VO 4 tetrahedrons were treated as rigid "molecular" groups. The rigidity of the molecule was determined by a number of common parameters for all atoms of the molecule.
Each position of the molecular model was defined by 3 rotations (Ф, χ, ψ) and 3 translations (xtrans, ytrans, ztrans). The main results of the refinement stages are regrouped in Table I. Hereafter, as an example, the structural resolution is presented for the calcium based Taking into account the systematic extinctions, the space group is either C2/c or Cc.
The centrosymmetrical space group C2/c was retained after refinement. The 144 heavy atoms within the unit cell are distributed as 14 general positions for bismuth and 4 general positions for vanadium ( Fig. 1-a) . The Bi11, Bi12, Bi13 and Bi14 sites are partially occupied by calcium and bismuth. Vanadium atoms were regarded in their close oxygen environment as 6 VO 4 tetrahedral rigid groups and refined as such ( Fig. 1-b ). In the case of the calcium based sample two tetrahedral configurations V(1d)O 4 and V(1e)O 4 are identified, indicating an oxygen disorder (Fig. 2 ). The atomic coordinates and isotropic/equivalent* parameters are given in Table II , and the atomic displacement parameters are regrouped in Table III . [24] .
In each of these, the non-stoichiometry was proposed from the existence of mixed cationic sites, and also a partially occupied oxygen site. For the three reported samples (T=Fe, Ni, Zn) the oxygen content has been evaluated from the occupancy refinement of the related oxide site, which was in agreement with the calculated formula using the usual oxidation number of the non oxygen elements. In our work, the structural investigation did not permitted The structural resolution was similar for related materials containing lead, strontium or cadmium, but was somewhat different for the Na containing material, which was refined in a C2 non-centrosymmetrical space group (i.e. determination of 36 heavy atom positions). In the case of strontium, cadmium or Na containing sample, the non-stoichiometric formulation was unambiguously identified from the structural resolution; the corresponding charge balanced Ca, Na 0.5 Bi 0.5 ) family compounds can be described either by the stacking of 6 cationic layers along the a axis ( Fig. 1-a 
Conductivity properties.
Conductivity measurements were carried out on ceramic pellets of nominal Table II regroups the significant values of this study at 500°C (conductivity: σ, and activation energy: Ea) and 800°C (σ). The conducting properties of the lead or strontium containing samples are similar to those obtained by Lee [18] .
The Arrhenius plots underline some features: only the Sr containing material exhibits a linear domain over the whole investigated temperature range. Each of the other samples, less conducting, displays a curved domain of evolution. This is a typical behaviour of ionic solid conductors, in which the number of charge carriers, rather low at room temperature, increases significantly with the temperature. While preponderant oxide ion mobility can be reasonably presumed for Pb, Sr, Ca and Cd based materials, in the case of the Na based family member, a Na + cationic conductivity contribution cannot be excluded, and could even become preponderant. The specific high temperature behaviour of Na based sample, with the rapid increase of σ versus temperature in the range 775-850°C, also shows that this sample cannot be considered with the other materials for the comparison of conductivity performances.
Over the whole investigated range, at a given temperature, the conductivity level decrease in the order Sr, Cd, Pb and Ca (Fig. 4 ). SrBi 6 V 2 O 15 sample, presents the weakest energy of activation, clearly distinct from the three other samples at low temperature (Table IV) : at 300°C, the Sr based sample is nearly 10 times more conductive than all other samples. 
Discussion and conclusion.
The fluorite type structures reported in this paper display a cationic organization of layer triplets, in which vanadium with its close oxygen environment is considered as VO 4
tetrahedrons, and can be distinguished as systematically located in the outer cationic layers, ( Fig. 5-a) . These triplets will be hereafter labelled "slabs". Averaged distances between cationic layers are higher in inter-slab spaces (≈3.20-3.21 Å) than within the slabs (≈3.02-3.06 Å); for this later case, no evident correlation with the alkaline-earth cation size can be observed.
Another possible structural representation consists in considering OBi 4 Fig. 5-b [27] , can be used also in Bi 46 X 8 O 89 (X=P, V) [28] or Pb 5 Bi 18 P 4 O 42 [29] . The higher the crushing, the higher is the possibility for the oxygen atoms to move, between the cations, from inside the slabs towards the inter-slab spaces, and consequently, the higher is the oxide conductivity. This is in good agreement with the best conductivity performance noted for the Sr based material. 
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